SAŽETAK

Hepatorenalni sindrom (HRS) predstavlja
INTRODUCTION
Hepatorenal syndrome (HRS) refers to reversible renal failure in patients with advanced cirrhosis or acute liver failure (1) (2) (3) (4) (5) (6) . It can occur rapidly, over 48 hours, or gradually, over a week or two (7) (8) (9) . The incidence of HRS in patients with cirrhosis of the liver is approximately 18-20% during the first year, and it increases to 39% after 5 years (10, 11) . HRS may occur spontaneously. In half of the patients with HRS, one or more precipitating factors can scause HRS, including: bacterial infection, particularly spontaneous bacterial peritonitis (57%), gastrointestinal bleeding (36%) and therapeutic paracentesis (7%) (10, 12) . HRS is the most common complication in patients with liver cirrhosis and ascites, and there areits morbidity and mortality rates are high (13) (14) (15) . Only 3.5% of patients recover spontaneously from hepatorenal syndrome (3).
ABBREVIATIONS
HRS -hepatorenal syndrome
NO -nitric oxide RAAS -renin -angiotensin -aldosterone system SBP -spontaneous bacterial peritonitis TIPS -transjugular intrahepatic portosystemic shunt
Even if its pathogenesis is not fully explained, the main etiological factor is renal hypoperfusion, which results from vasodilatation and vascular resistance in the lesser splanchnic region (4) .
It is interesting that the histological appearance of the kidneys is normal in hepatorenal syndrome, which makes this syndrome a unique pathophysiological disorder of the renal circulation in which there are no elements of morphological kidney damage. Therefore, the renal insufficiency is reversible, and it occurs from functional disorder of the circulation, rather than direct morphological kidney damage, as evidenced by the fact that after liver transplantation, kidney function returns to normal.
The type of HRS predominantly determines the outcome and survival of patients. There are two types of hepatorenal syndrome, type 1 and type 2; the two types are pathophysiology similar, while the clinical features and prognosis vary (16) . Hepatorenal syndrome type 1 is characterised by rapid, progressive reduction of the effective circulating volume, which is due to the extreme intestinal arterial vasodilation and a decrease in the cardiac output, which is usually preceded by spontaneous bacterial peritonitis. Hepatorenal syndrome type 2 is caused by a gradual and stable reduction of the glomerular filtration rate and it is common in patients with relatively intact liver function. As defined by Salerno et al, HRS type 1 is indicated by a laboratory increase in the serum creatinine above 133 mmol/l (1.5 mg/dl) in patients with liver cirrhosis and ascites in the absence of hypovolemic shock, nephrotoxic drugs or primary kidney disease. In type 2 HRS, the serum creatinine is doubled (over 100%) compared to baseline to more than 221 mmol/l (2.5 mg/dl) (17, 18) . The increase in the serum creatinine can be acute (type 1 HRS) or gradual (type 2 HRS) (19) .
Type 2 HRS is more common in clinical practice than type 1 (20) . The expected survival rate for type 1 HRS is approximately 2 weeks, while this period is much longer, approximately 6 months, in type 2 HRS (12) . While the survival of the patients with type 2 is considerably longer than forthat of patients with type 1, it is still shorter than for patients who do not have HRS.
Pathogenesis
Although HRS as a clinical entity was first described 50 years ago, the pathogenesis of this syndrome has not yet been fully characterizised (21) . HRS is the final stage of a series of disturbances in the kidney and is accompanied by deterioration of liver function and portal hypertension (21) .
The main feature of hepatorenal syndrome is renal vasoconstriction, although the pathogenesis of this process has not been previously explained. A number of mechanisms are associated with this syndrome, including increased activity of systemic and renal vasoconstriction, leading to reduced renal perfusion and a decrease in the glomerular filtration rate. On the basis of the disturbance, a vasodilation splanchnic circulation is expressed, reducing the effective circulating volume and hypotension with consequent activation of the sympathetic system, renin-angiotensin system, and vasopressin (22) . Entotelin, adenosine and leukotriene L4 also play an important role in addition to being the main vasoconstrictors (renin -angiotensin -aldosterone composition (RAAS) and the sympathetic nervous system). All of these vasoconstrictors lead to renal vasoconstriction. Local formation of kidney vasodilators, mainly prostaglandins and nitric oxide (NO), is weakened (12, 23, 24) .
The splanchnic circulation is resistant to vasoconstrictors for the continuous production of local vasodilators such as NO. In the splanchnic circulation, the creation of vasodilators is maintained at a high level, and the response to the effects of endogenous vasoconstrictor systems becomes weaker (1-6).
The clinical picture
HRS has non-specific symptoms and signs, which makes early identification and diagnosis more difficult. Because most patients with HRS have chronic liver disease, it is important to note the signs, including the following: palmar erythema, a leukonychia, asterixis, and clubbing fingers (hand), icterus sclera, spider nevi, foetor hepaticus, xanthelasma, and gynecomastia (head), caput medusae, hepatosplenomegaly, ascites, and paraumbilical herniation (abdomen), pubic hair loss and atrophic testes (genitals), and, and peripheral oedema and clubbing fingers (extremities).
The symptoms and signs of disease in HRS and chronic liver diseases overlap, and they include the following: arterial hypotension (middle arterial pressure values of approximately 80 mmHg or lower), oliguria, tachycardia, jaundice, hepatic encephalopathy, and ascites (25) .
In the final stage of HRS, the patient is comatose and hypotensive with a urine output of less than 100 ml in 24 hours. In more than 80% of the patients, death occurs in a few days to a maximum of 12 weeks (12, 21, 26) . The cause of death is a terminal defect of the liver cells rather than renal failure (21) .
Laboratory analyses show hyponatraemia, serum levels below 130 mmol/l with an incidence of approximately 21.6% for HRS (27) . Patients with liver cirrhosis and hyponatraemia are at high risk of developing HRS (10) . Several studies have shown a positive correlation between hyponatraemia and hepatic encephalopathy. A low level of serum sodium and increased level of amonium lead to major electroencephalographic changes, resulting in the development of hepatic encephalopathy (28) . Hyponatraemia predicts poor prognosis, and the median survival in patients with liver transplantation is less than 6 months (29) . Hyponatraemia affects the patients' quality of life. A recent study has shown that a low level of Na + is an independent predictive factor of the quality of life of patients with cirrhosis (30) .
Diagnosis
The diagnosis of the disease is sometimes extremely difficult due to the lack of a specific test or pathognomonic marker of the disease. The diagnosis of hepatorenal syndrome is based on the exclusion of other diseases that reduce the rate of glomerular filtration in the absence of other causes of chronic renal disease. 
Risk factors
If there are precipitating factors that lead to the development of HRS, it is necessary to eliminate them in a timely fashion. These factors include spontaneous bacterial peritonitis, gastrointestinal bleeding, nephrotoxic drugs, diuretics, non-steroidal anti-inflammatory drugs, and hyponatraemia. The most important risk factor for the development of HRS is bacterial infection, particularly spontaneous bacterial peritonitis (31, 32) . HRS develops in approximately 30% of patients who have SBP (31) . The treatment of SBP includes infusion of albumin and antibiotics, reducing the risk of developing HRS and improving survival (31) . Potassium-sparing diuretics should be excluded from treatment to avoid hyperkalaemia (33).
Liver transplantation
Liver transplantation is the method of choice for type 1 and type 2 HRS; the survival rate is approximately 65% for type 1 and 80% for type 2 (20, 34) . A slightly lower survival rate is noted compared to patients with cirrhosis without HRS because of the presence of renal insufficiency, which represents a major predictor of an unfavourable outcome after liver transplantation (35, 36) .
Over the past century, liver transplantation has been successfully performed in only a few patients with HRS because most patients died before transplantation due to the rapid disease progression in type 1 HRS.
In a prospective study of 15 patients with HRS type 1 who were candidates for transplantation, 12 patients had contraindications to liver transplantation, and the remaining three died while waiting for transplantation (37) .
Without liver transplantation, the HRS prognosis is unfavourable. A study was conducted on 68 type 1 HRS patients who were candidates for a liver transplantation. All patients were treated medically with various combinations of the following: albumin, vasopressors, midodrine, octreotide and haemodialysis. The results showed that the median survival was 13 days for the entire group. Early treatment can increase the survival rate of HRS (38) .
The main problem with liver transplantation is the long waiting time and short-term survival of these patients. The one-year and four-year survival rates of patients with HRS who undergo liver transplantation are 71% and 60%, whereas in patients with liver transplantation without HRS, the oneyear and four-year survival rates are 83 and 70% (39) . However, 10% of patients require dialysis after transplantation (1) .
A new approach to the treatment is suggested, the socalled "Treatment of bridge healing ", which is meant to reduce the number of patient deaths during the wait for liver transplantation. The treatment of bridge healing "consists of a combination of terlipressin 4-6 mg/a day with albumin, which enables to bridge, that is to overcome the period of waiting until liver transplantation" (40, 41) . However, few patients with HRS undergo transplantation.
The correction of renal hypovolaemia
Given that HRS lab values are similar to those observed pre-renal azotaemia, previous attempts were made to begin treating hypovolaemia with infusions (saline or dextran). Because this form of treatment was not successful, it was abandoned. Today, the main way that hypovolaemia is corrected is by increasing albumin to 50 g/day in combination with administering vasoconstrictors (42) .
Drug treatment
Many medications have been used to treat hepatorenal syndrome in the past, but vasoconstrictors have had thebest effects. These drugs cause vasoconstriction of blood vessels of the splanchnic region and reperfusion of the renal arteries (43, 44) . The most common side effects of treatment are cardiovascular or ischemic complications, which occur with an average frequency of 12% in treated patients (24, 45) . Various types of studies have tested the efficacy of vasoconstrictors.
A retrospective study was performed on 59 patients with HRS type 1; after a combination of vasoconstrictor and albumin was administered, there was a greater than 10 mmHg increase in middle arterial pressure. The respondents had improved treatment efficacy, a favourable response to liver transplantation and a reduced need for dialysis. (46) .
A meta-analysis of six randomised controlled studies in which patients who had been on various vasoconstrictor drugs in combination with or without albumin were monitored. The authors reported that mortality was reduced by 18% compared to the control groups of people who did not undergo therapy with vasoconstrictors (15) . A meta-analysis of four randomised controlled studies showed that patients who were treated with terlipressin with or without albumin were 3.8 times more likely to recover (heal) from HRS and 2 times more likely to have improved renal function compared to patients who were not treated with vasoconstrictors (15) . Despite all of these encouraging results regarding the use of vasoconstrictors with or without albumin, these drugs are effective in reducing mortality for 15 days, without significant effects at 1, 3, and 6 months. Vasoconstrictor therapy is effective in 46 to 48% of patients (15) .
Vasoconstrictors are analogues to vasopressins (ex. Terlipresin), analogues to somatostatins (Octreotide), and agonists of the α-adrenergic receptors (Midodrine) in combination with albumin infusion (43, 44) .
Terlipressin is the most effective and most widely used vasoconstrictor. Terlipressin, vasopressin's analogue, acts on the two types of receptors, V1 and V2. V1 receptors are found in the smooth muscles of blood vessels, and through these receptors, vasopressin causes vasoconstriction. V2 receptors are found in the renal tubules, and, through these receptors, this hormone acts as an antidiuretic. Terlipressin has agonistic effects on V1 receptors and partial agonistic effects on the renal V2 receptors. It affects the V1 receptors of the intestinal vasculature, causing dominant vasoconstriction in the mesenteric circulation compared to the renal arteries. However, its effects on the serum concentrations of Na are controversial. Terlipressin is most commonly used in Europe because it reduces the chances of ischemic complications.
Today, terlipressin, according to general recommendations, represents the most effective vasoconstrictor in the treatment of HRS type 1. There are reports on the significantly higher efficacy of combination therapy with terlipressin and albumin (14, 45) ., Although this combination is also used in type 2 HRS, there is still limited information on the use of terlipressin on these patients (47, 48) .
The protocol for the treatment with terlipressin involves an initial dose of 0.5 -1 mg/4 -6 h via i.v. or continuous i.v. infusion 2 mg/day. If the creatinine level has not fallen by 25% on the third day of treatment, the dose is increased to 2 mg/4 h or 12 mg/day by continuous intravenous infusion. In the case of failure to maintain a central venous pressure of 10 -15 mm H 2 O, the initial dose of albumin is 1 gr/kg for two days up to a maximum 100 g/day (23) .
Treatment continues until there is no improvement in the laboratory values, which is normally not more than 2 weeks. In almost 59% of patients with type 1 HRS, there is complete (reduction of serum creatinine < 133 mmol/l) or partial (reduction of serum creatinine > 50% with values > 133 mmol/l) healing (49) .
Alternative vasopressors are rarely used because they have not been adequately investigated, and there are few studies on these drugs (50) .
Alpha-adrenergic agonists have an advantage over terlipressin because their price is lower, but they are less efficient. Midodrine is an alpha agonist with that has an advantage of being the only agent that can be administered orally (2.5 to 75 mg/8 h).
Norepinephrine is applied by continuous infusion at a dose of 0.5 -3 mg/h according to the level of arterial blood pressure. Unfortunately, the number of patients treated with noradrenaline is small, and there are no randomised comparative studies for assessing its efficacy.
Previously, dopamine and prostaglandins were posited as potential vasodilators in the literature, but their application has not been accepted in clinical practice.
Transjugular intrahepatic portosystemic shunt
A transjugular intrahepatic portosystemic shunt (TIPS) is a percutaneously created connection within the liver parenchyma between the portal and systemic circulation. A TIPS is set to reduce the portal pressure in patients with complications that are associated with portal hypertension.
The aim of a TIPS placement is to redirect the blood flow in the hepatic veins, reducing the pressure gradient between the portal and systemic circulation.
According to currentthe present study, the use of a TIPS is effective in the treatment of ascites and leads to improvement in renal function. It can be used as a bridge therapy while patients are waiting for a liver transplantation (51, 52) .
CONCLUSION
HRS is one of the most serious complications of liver disease and is most common in patients with decompensated liver cirrhosis. The survival time of these patients is short, and spontaneous recovery is very rare. The only therapy for HRS is liver transplantation. The aim of new studies will be the search for better diagnostic and therapeutic procedures.
